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Objective
The purpose of this work is to develop a simple, scalable and template-free
method to synthesize conducting polymer nano/micro-structures for
supercapacitor electrodes. The microstructure and electrochemical properties
of structure polypyrrole on various mesh substrates is investigated.

Motivation

Energy Storage

Film Preparation

Substrates

Microtube growth at different current densities

Stainless steel meshes with
varying dimensions were used to
synthesize and study polypyrrole
microtubes.

Microtube synthesis (growth)
The microtubes were
grown using constant
current density to a
desired
thickness
and/or height.

New energy storage technologies face many challenges, such as
material abundance, efficiency, charge storage capacity, long term
cycle-ability, and cost.
Emerging devices, like supercapacitors, have the potential to
provide high energy storage capacity and fast charge-discharge
rates to bridge the gap between traditional batteries and highpower capacitors.
Adapted from: Snook G. A., Kao P., Best A. S., Journal of Power
Sources 196 (2010) 1-12

Micro-/nanostructured film

Introduction

0.5 M H2SO4

Supercapacitor
High specific power
High specific energy

The most common supercapacitor
electrode material are:

100 mV/s

 Charge-discharge →
Specific charge/capacity

Micro-/nanostructures conventional synthesis methods
Hard template

Large-scale microtube production

Results & Discussion

PPy film

Microtube structures on different mesh sizes
Substrate
[mesh]

Film
[μm]

Height
[μm]

Ratio
[DT to DM]

M40
M60
M100
M200
M250
M325
M400

12.07
11.98
9.09
15.82
12.59
14.46
17.06

350.62
357.74
360.33
467.83
168.87
308.54
400.22

2.18
2.74
5.59
1.19
2.98
2.18
1.91

Mesh size affects the
microtube growth and
structure, which govern
the
electrochemical
properties.

M100

 Conjugated systems, alternating single and double bonds along the polymer chain.
 Mobility of electrons throughout the polymer backbone.
 Electrically conductive in the doped state.

Separator

M200

Inherently-conducting polymers

Naoi K., Morita M., Electrochemical Society Interface (2008) 44-48

10 mV/s

A capacitance of 50 F/g was achieved with a symmetrical supercapacitor device load with two
microtube electrodes.

 Scanning electron microscopy → Morphology & thickness

Naoi K., Simon P., Electrochemical Society Interface (2008) 34-37

Polypyrrole (Ppy) conjugated structure

A smoother polymer film surface was obtained with Poly(4styrene sulfonic) acid (PSSA), which causes a disruption in the
molecular packing between the polypyrrole molecules resulting in
an amorphous film with less/smaller crystalline domains.

Supercapacitor performance

 Impedance →
mass/charge transfer
limitations

Supercapacitors are classify according
the charge storage mechanisms in:
 Double-layer capacitors
 Psedudocapacitors
 Hybrid capacitors
Battery
Low specific power
High specific energy

3.3 wt. % PSSA

Electrode

Electrical energy storage devices

High specific power
low specific energy

Polypyrrole microtubes were also obtained using polymer
dopants that change affect the physical and electrochemical
properties.

Film Characterization

Micro-/nanostructured materials allow for:
 High electrode/electrolyte contact area
 Short path length for ion transport
 Higher current density and faster response time. Allowing a better
charging-discharging performance

Capacitor

Microtube growth using polymer dopants

 Cyclic voltammetry → Specific capacitance

Micro-/nanostructured materials
Conventional film

Increase
in
current
density
(mA/cm2)
allowed
a
faster
deposition
rate;
however,
overoxidation of the polymer
occurred at higher currents, which
decreases the electrochemical
performance of the electrode.

M60
M400
M200

Wax paper
Ppy microtubes

H= 1 cm

1 mm

500 μm

1 mm

250 μm

M400
D= 1.27 cm

1 cm

A scalable process is achievable by modifying the substrate surface with wax paper to help
trapping more hydrogen bubbles and by increasing the surface area of the substrate.

Conclusions

Growth mechanism

•

Soft template

The change in the substrate morphology with changes in the polymerization conditions has
shown to be an ease and effective way to control the polypyrrole self-assembly.

•

Stainless steel meshes are a cheap and an affordable option as substrates. Finer meshes as
M200 & M400 present uniform microtubes structures and good electrochemical performance
even on high thickness films.

•
100 mV/s

Uses a physical template to
guide the growth. A post
synthesis process is needed.

Uses surfactants or colloids to
guide the growth. Relative poor
control of the morphology.

Polymer nucleation occurred
around the hydrogen bubbles
trapped in the mesh joints
and produced on the counter
electrode, guiding the growth
of the microtubes.

Increasing Q

10 mV/s
Increasing Q

The template-free method has shown to be easily scalable for larger polypyrrole microtubes
production.
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